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Study Objective: To compare the C-MAC video laryngoscope to the standard flexible fiberoptic scope
(FFS) with an eye piece (but without a camera or a video screen) for intubation of patients undergoing
cervical spine surgery with manual inline stabilization. The primary end point was the time to achieve
successful tracheal intubation. Secondary end points included glottic view at intubation and number of
intubation attempts.
Design: Prospective, randomized, single-blinded study.
Setting: Cedars Sinai Medical Center in Los Angeles, CA.
Patients: One hundred forty patients (American Society of Anaesthesiologists physical status I-III),
aged 18 to 80 years undergoing elective cervical spine surgery.
Intervention: Patients were prospectively randomized to undergo tracheal intubation using either an
FFS (n = 70) or the C-MAC video laryngoscope (n = 70).
Measurements: After performing a preoperative airway evaluation, patients underwent a standardized
induction sequence. The glottic view was assessed at the time of tracheal tube placement using the
Cormack-Lehane and percentage of glottic opening scoring systems. In addition, the time required for
successful insertion of the tracheal tube, number of intubation attempts to secure the airway, the need for
adjuvant airway devices, hemodynamic changes, adverse events, and any airway-related trauma
were recorded.☆ Disclosures: This study was unfunded.
⁎ Corresponding author at: Cedars Sinai Medical Center in Los Angeles, CA 90048, USA. Tel.: +1 214 771 3775; fax: +1 310 423 4119.
E-mail addresses: Paul.White@cshs.org, whitemountaininstitute@hotmail.com (P.F. White).
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47C-MAC versus flexible fiberoptic scopeMain Results: The glottic view at the time of intubation did not differ significantly with the 2 devices;
however, the C-MAC facilitated more rapid tracheal intubation compared with the FFS (P = .001). The
peak heart rate response following insertion of the tracheal tube was also reduced (P = .004) in the C-
MAC (vs FFS) group.
Conclusion: The C-MAC may offer an advantage over the FFS with respect to the time required
to obtain glottic view and successful placement of the tracheal tube in patients requiring cervical
spine immobilization.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The Storz C-MAC video laryngoscopy (VL) has been
reported to facilitate tracheal intubation in patients with
cervical spine abnormalities by allowing for indirect
visualization of glottic structures without the need to align
the oropharyngeal and laryngeal axes [1]. This portable VL
features a standard Macintosh blade with a complementary
metal oxide semiconductor video chip at the tip that extents a
60° optical axis in the vertical plane to a video display
monitor. VL techniques have become increasingly popular
for tracheal intubation in situations where visualization of the
glottic structures may be problematic. This approach may
also be useful in reducing cervical spine motion during
intubation of patients with acute cervical pathology.
The flexible fiberoptic scope (FFS) has long been
considered the “gold standard” for intubating patients with
cervical spine abnormalities requiring spine immobilization
[2]. However, the FFS and the maneuvers commonly used to
enlarge the posterior pharyngeal space are associated with
varying degrees of cervical motion [3]. Furthermore, the use
of FFS requires additional specialized training [4–6], and
some studies report a high incidence of desaturation with the
FFS [7,8]. Interestingly, there is no scientific evidence
supporting better clinical outcomes in patients with cervical
spine disease who were intubated with an FFS compared with
other commonly used airway devices [9]. A more user-friendly
alternative to the FFS would be beneficial for the emergency
airway management of patients with cervical spine disease.
Early clinical trials with the C-MAC VL suggested that it
could provide a superior view compared with direct
laryngoscopy (DL), in patients with limited interincisor
distance and cervical spine clearance [10]. Although DL
using the standard Macintosh blade has been compared with
indirect VL in patients requiring cervical spine immobiliza-
tion [11], no study to date has compared the C-MAC VL to
the FFS. Therefore, we hypothesized that the use of the
C-MAC VL would reduce the time required to achieve
successful tracheal intubation compared with FFS in patients
undergoing cervical spine surgery with manual inline
stabilization (MIS). The secondary objectives were to
compare the glottic visualization scores during intubation,
number of intubation attempts required, and need for
adjunctive airway devices.2. Materials and methods
After obtaining institutional review board approval and
written informed consent, 140 American Society of Anaes-
thesiologists I-III adult patients (age range, 22-80 years)
undergoing elective cervical spine surgery requiring tracheal
intubation were enrolled in this prospective study at
Cedars-Sinai Medical Center in Los Angeles from 2010 to
2012. The exclusion criteria included patients with clinical or
radiographic evidence of unstable cervical spine abnormal-
ities; patients at increased risk for aspiration (eg, full stomach
or gastroesophageal reflux disease), patients with history of
facial abnormality, oral-pharyngeal cancer, and reconstruc-
tive surgery; and patient who required an awake fiberoptic
intubation or emergency surgery. Patients who met all
inclusionary criteria were assigned to 1 of 2 treatment groups
according to a computer-generated random numbers table:
(1) control group, Olympus FFS (model, Olympus Porta-
View LFGP; outer diameter, 4.1 mm; channel width,
1.5 mm; field of view, 90°; depth of field, 4-50°; max
angulation up, 120°; max angulation down, 120°; n = 70)
and (2) experimental group, Storz C-MAC VL group
(C-MAC; n = 70). The standard FFS with an eye piece but
without a camera or a video screen was used.
All the anesthesiologists who performed the tracheal
intubations had extensive experience with both intubating
devices (N100 intubations with each device). The intubation
procedure was performed with inline cervical immobilization
to simulate the standard of care for patients with a suspected
cervical spine injury.
The intubating anesthesiologists performed the preoper-
ative evaluation, including a formal airway assessment of
each patient while sitting upright in the preoperative holding
area [12].
Individual patient randomization cards were placed in
sealed envelopes that were opened on the day of the
scheduled procedure after completing the subject's screening
examination and the preoperative assessment by the intubat-
ing anesthesiologist. All patients were blinded with respect to
the group assignment. All patients were blinded with respect
to the group assignment. The selected tracheal tube was
either styleted (C-MAC group) using a Mallinckrodt
intubating stylet 10Fr × 40 cm or slipped over a 5.2-mm
FFS (FFS group). A Macintosh #3 (n = 9) or #4 (n = 61)
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tracheal tube used in all cases was the Mallinckrodt Hi − Lo
Oral/Nasal Tracheal Tube Cuffed Murphy Eye.
After receiving midazolam (1-2 mg) intravenous (IV)
for premedication, patients were immediately transported to
the operating room. Standardized monitoring devices con-
sisted of an automatic blood pressure cuff, 3-lead electro-
cardiogram, capnograph, and pulse oximeter. The EEG
bispectral (BIS) index monitor was used during the
maintenance period. All patients were positioned supine
on the operating table; head and neck position was
established by resting the patient occiput on noncompressive
pads at the height equal to their predetermined cervical offset
distance [13] prior to induction of anesthesia. MIS was
performed by one of the coinvestigators applying one hand
on either side of the patient's head, and the index finger was
held at the opening to the auditory canal and maintained the
cervical spine in a neutral position without applying axial
traction. The individual providing stabilization crouched
below and to the left of the anesthesiologist performing
the intubation.
All patients were preoxygenated with 100% oxygen for
4 to 5 minutes prior to induction of anesthesia. Anesthesia
was induced with IV fentanyl (1-3 μg/kg), lidocaine
(1-1.5 mg/kg), propofol (1.5-3 mg/kg), and succinylcholine
(1-1.5 mg/kg) IV. If the patient displayed clinical signs of an
inadequate depth of anesthesia at the time of tracheal
intubation, a supplemental bolus dose of propofol (20-30 mg
IV) was administered. Face mask oxygenation was
continued until the start of the intubation procedure at
45 seconds after administration of succinylcholine. Com-
plete neuromuscular blockade (ie, loss of responsiveness
to train-of-four stimulation was confirmed using
peripheral [ulnar] nerve stimulation at the wrist) prior
to initiating the laryngoscopy procedure. During the
intubation process in the FFS group, the tongue was gently
pulled forward using a 4 × 4-cm gauze pad in the FFS group.
Fiberoptic intubations were performed via the oral route
without the use of an intubating airway (such as an
Ovassapian airway). The attending anesthesiologists
were instructed to verbally indicate when each event in
the intubation sequence occurred, and they determined
the percentage of glottic opening (POGO) and Cormack-
Lehane [14,15] scores upon successfully inserting the
tracheal tube.
The perioperative data collected consisted of the follow-
ing: (1) demographic data; (2) preoperative airway evalua-
tion (Mallampati class, mouth opening, thyromental
distance, neck range of motion, presence or absence of
teeth); (3) type and dosages of drugs administered during
induction; (4) procedure times from the passage of the
intubating device between the teeth to obtain a glottic view,
to placement of the tracheal tube, and to observe an end-tidal
CO2 waveform; and (5) glottic view assessed using the
Cormack-Lehane score (I-IV) [14] and POGO score (0-100)
[15] at the time of intubation. In addition, (6) the number ofintubation attempt(s), need to change to a different intubating
device, and the use of adjuvant airway device (eg, fiberoptic
scope, laryngeal mask airway, bougie) were recorded. (7) Vital
signs (including mean arterial pressure, heart rate, end-tidal
CO2, and SpO2)were recorded immediately before the insertion
of the intubating device (baseline) and 3 to 5 minutes after
successful tracheal intubation (postintubation). (8) Adverse
events including bronchospam, regurgitation, and aspiration
were noted. (9) Finally, a postoperative airway assessment was
performed ~4 hours after surgery by a coinvestigator blinded
as to the type of intubation device in order to assess the
presence (and severity) of a sore throat, dysphagia, voice
change, or any lip, gum, tongue, and dental injuries.
2.1. Statistical analysis
A sample size of 70 patients per group was determined by
power analysis based on the assumption that the time for
successful intubation in the C-MAC group would require 90
seconds compared with 110 seconds in the FFS group (with
an SD = 40 and 1.9, respectively, and (3) power of 80% and
significance level of .05 [using 2-sided t test]). Student t test
was used to compare the normally distributed continuous
data; analysis of variance was used to compare the
continuous variables among the 2 treatment groups and
repeated measures (longitudinal analysis) for outcome
variables across time. For analysis of numerical variables,
the t test or the Wilcoxon rank sum test (Mann-Whitney U
test) was applied (depending on the normality of the
distributions of these data). χ2 Test or Fisher exact test
were used to analyze the categorical variables. Data are
presented as means ± SD, numbers (n), and percentages (%).
P values b .05 were considered statistically significant.3. Results
The 140 patients enrolled in the study completed all the
perioperative assessments. The 2 groups possessed similar
demographic characteristics, except the patients in the
C-MAC group who were slightly older (50 vs 55 years
[P = .04]; Table 1). The amount of anesthetic drugs and
adjuvants used for induction of anesthesia was comparable,
except that slightly less propofol was required in the C-MAC
group (190 ± 40 vs 204 ± 48 mg for the FFS group [P =
.03]; Table 1). The glottic view at the time of intubation as
assessed using both the Cormack-Lehane and POGO scores
did not differ significantly between the 2 groups (Table 2).
Furthermore, the incidence of postoperative airway compli-
cations did not differ in the 2 groups. The tracheal tube sizes
were (mean ± SD) 7.24 ± 0.32 and 7.16 ± 0.36 (P = .2) for
the C-MAC and FFS groups, respectively.
The rate of successful first-attempt intubations was
comparable in the FFS (78%) and C-MAC (83%) groups
(Table 2). However, use of the C-MAC VL facilitated a more
Table 1 Demographic characteristics, type of surgery and intraoperatory drugs dosages in the FFS and C-MAC treatment groups.
FFS (n = 70) C-MAC (n = 70) P
Sex (female/male), n 32:38 32:38
Age (y) 50 ± 12 55 ± 12 ⁎ .04
Race (Asian/black/white/other), n 3/8/58/1 4/5/61/0 .8
BMI (kg/m2) 28 ± 5.7 27 ± 5.3 .5
ASA (1/2/3), n 6/45/19 10/35/25 .2
Type of cervical spine procedure
Cervical fusion 49 49 –
Cervical foraminotomy 8 11 .5
Cervical discectomy 7 5 .5
Cervical laminectomy 4 4 –
Cervical disk replacement 2 1 .6
Intraoperative drugs
Propofol (mg) 204 ± 48 190 ± 40 ⁎ .03
Succinylcholine (mg) 102 ± 16 112 ± 36 .3
Fentanyl (μg) 89 ± 49 81 ± 54 .6
Esmolol (mg) 64 ± 38 73 ± 48 .5
Lidocaine (mg) 69 ± 31 70 ± 26 .8
ASA = American Society of Anaesthesiologists; BMI = body mass index; FFS = flexible fiberoptic scope.
Numbers (n), percentages (%), and means ± SD.
⁎ P b .05 compared with the FFS control group.
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confirmation of the end-tidal CO2 waveform) compared
with the FFS group (P b .01; Table 2). In addition, the peak
heart rate response following insertion of the tracheal tubeTable 2 Patient intubation profiles and metric, and postoperative com
treatment groups.
FF
Mouth opening (cm) 4.
Limited range of motion of C-spine (no/yes) 64
Thyromental distance (cm) 6
Mallampati classification 1/2/3/4 15
Teeth
Intact (yes/no), n 68
Gap/missing teeth, n 3/
Denture, n 1
Cormack-Lehane score 1/2/3/4, n 46
Percentage of glottic opening (%) 84
Need to change intubating device, n 1
Required rescue with a bougie, n 0
Blade stained with blood, n 3
Intubation attempts 1/≥2, n (%) 55
Times following initial insertion of laryngoscope blade
To obtain glottic view (s) 32
To placement of tracheal tube (s) 59
To confirm with CO2 waveform (s) 99
Postoperative complications
Sore throat, n (%) 10
Transient change in voice, n (%) 4
Minor injury to the lip, n (%) 1
Minor injury to the tongue, n (%) 0
Numbers (n), percentages (%), and means ± SD.
⁎ P b .05 compared with the FFS control group.was lower in the C-MAC (vs FFS) group (Table 3). Although
not statistically significant, 3 patients in the C = MAC group
(vs none in the FFS group), required rescue with a bougie to
achieve successful tracheal intubation.plications of the flexible fiberoptic scope (FFS) and C-MAC
S (n = 70) C-MAC (n = 70) P
9 ± 0.8 4.7 ± 0.7 .1
/6 62/8 .6
± 0.8 6 ± 0.9 .87
/35/18/2 14/40/12/4 .5
/2 64/6 .15
3 6/7 .3
6 .053
/13/7/4 42/20/5/3 .543
± 27 83 ± 25 .713
(VideoMac) 1 (Fiberoptic) –
3 N .2
5 .5
/15 (78.5/21.5) 58/12 (82.8/17.2) .5
± 32 16 ± 14 ⁎ .001
± 36 35 ± 22 ⁎ .001
± 38 62 ± 31 ⁎ .001
(7) 14 (11) .37
(3) 6 (4) .5
(0.7) 1 (0.7) –
1 (0.7) –
Table 3 Hemodynamic, oxygen saturation, and end-tidal CO
values.
FFS
(n = 70)
C-MAC
(n = 70)
P
Mean arterial pressure (mm Hg)
Baseline (before induction) 85 ± 19 87 ± 13 .5
Postintubation (peak) 89 ± 18 86 ± 12 .2
Heart rate (beats/min)
Baseline 82 ± 14 78 ± 14 .12
Postintubation (peak) 89 ± 14 82 ± 13 ⁎ .004
Oxygen saturation values (%)
Baseline 99.4 ± 1 99.7 ± 1 .2
Postintubation (peak) 99.3 ± 1 99.7 ± 0.8 .1
End-tidal CO2 (mm Hg)
Baseline 35 ± 4 32 ± 6 ⁎ .001
Postintubation (peak) 37 ± 5 33 ± 5 ⁎ .001
CO = carbon dioxide; FFS = flexible fiberoptic scope.
Immediately before the blade insertion (baseline) and 3 to 5 minutes
after performing tracheal intubation (postintubation) procedure in the
FFS and C-MAC treatment groups.
Values are means ± SD or numbers.
⁎ P b .05 between the 2 treatment groups.
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In the presence of cervical immobilization, use of the
C-MAC device facilitated a more rapid tracheal intubation
compared with the FFS. Compared with DL, use of VL
devices like the C-MAC has been shown to improve
laryngoscopic views and first-attempt success rates in
elective surgery patients and simulated tracheal intubations
not involving “inline” stabilization [16–20]. Shirgoska and
Netkovski [1] suggested that utilization of VL devices can be
easily learned and should be used for managing difficult
airway situations in the operating room, as well as for
intubating patients in emergency departments (EDs) and
intensive care units (ICUs).
In comparing the efficacy of VL to DL on the first-pass
intubation success in patients with and without difficult
airway characteristics (DACs) in an ED over a 6-year period,
Sakles et al [21] reported that VL was associated with higher
odds of first-pass success for patients with no DACs and 3 or
more DACs. Furthermore, when used in a medical ICU,
Mosier et al [22] reported that VL resulted in higher first
attempt and ultimate intubation success rates, improved
laryngoscopic view, and fewer esophageal intubations
compared with standard DL.
Like other VL systems, the C-MAC provides excellent
glottic visualization and an enlarged and brighter image
compared with DL. The C-MAC requires virtually no set up
time and it is less susceptible to fogging [23]. In a study by
Healy et al [24] involving manikins which simulated a
difficult laryngoscopy situation, the use of a VL device
resulted in a better view of the glottis than the Macintosh
blade. Furthermore, the C-MAC device was found to providea better laryngoscopic view than the Storz DCI VL. Healy
et al [24] compared VL and DL approaches in patients with
DACs in an ED and found that the VL was associated with a
higher first-pass success rate [21]. In contrast, Wetsch and
colleagues [25] failed to find a higher success rates or faster
tracheal intubation time with VL compared with DL in a
manikin study involving the ice-pick position. Moreover,
Guyette et al [26] found that the C-MAC VL failed to reduce
the total number of airway instrumentation attempts or
improve tracheal intubation compared with DL in the hands
of trained anesthesia providers.
In 2009, a study by Wong et al [4] reported that when the
appropriate equipment and personnel are available and the
clinical setting permits, FFS may be a safer approach than the
GlideScope for patients with cervical instability. However,
Wong et al [4] also reported that head and neck maneuvers
performed before FFS (eg, a jaw thrust) resulted in an
increase in cervical spine movement compared with the
C-MAC VL for elective tracheal intubation of patients with
inline cervical stabilization. Studies [27,28] have also shown
that tracheal intubation with VL does not require a line of
sight view of the glottis and can be accomplished with 30%
to 50% less cervical motion than DL with a Macintosh blade.
Because all airway maneuvers can result in neck
movement, manual inline cervical immobilization [29] is
often used prior to induction of anesthesia and tracheal
intubation in patients with suspected cervical spine disease
[30]. Inline cervical immobilization has been shown to be an
effective method to reduce spinal injury due to airway
manipulation. Santoni et al [31] demonstrated that pressure
applied to airway tissue by the laryngoscope blade is
secondarily transmitted to the cervical spine and can result
in craniocervical motion.
Many different airway devices and VL techniques have
been introduced to minimize the problems associated with
DL in “at-risk” patients with cervical spine disease.
Interestingly, there are no clinical data suggesting better
outcomes with any one particular intubating device [9].
Because of the relatively low incidents of cervical spine
injuries and the difficulties in performing controlled clinical
trials in an acute spine injury population, the previous
research has been largely retrospective in nature. In this
randomized, prospective study, we attempted to mimic the
acute cervical spine injury situation by using MIS. However,
a prospective follow-up study in an emergent spine injury
population undergoing surgery is clearly needed. Recently,
Kory et al [20] assessed the effectiveness of using VL as the
primary intubating device during urgent intubations in critically
ill patients when performed by “less experienced” operators (ie,
nonanesthesiologists) in the ICU. These authors found that the
rate of first-attempt success was higher with the VL compared
with the DL (91% vs 68%, P b .01).
In our elective surgery population undergoing none-
mergent cervical spine procedures with inline stabilization,
use of the C-MAC VL device compared favorably to FFS
with respect to the time required to secure placement of the
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increase in the postintubation heart rate was reduced in the
C-MAC (vs FFS) group (P = .004). The latter findingwas likely
related to the shorter time required to secure the airway in the
C-MAC group. In the hands of less experienced individuals (eg,
ED and ICU physicians), the differences would be expected to
be even larger due to the greater technical challenge in using the
FFS device for tracheal intubation. Prospective intubation
studies in patients with unstable spinal injuries are needed to
confirm these preliminary findings.
4.1. Study limitations
First, this prospective randomized study could not be
performed in a double-blinded fashion; hence, the possibility
of operator biases exists with respect to the airway evaluations at
the time of tracheal tube placement (ie, glottis view) and could
have affected the primary study end point (ie, time to intubation).
In addition, the operator providing MIS was not blinded, which
could have led to different intubating conditions between the 2
study groups (eg, “tighter hold” vs “looser hold”). However,
both the Cormack-Lehane scale and the POGO score are
commonly used to compare different intubating devices and
have been reported to reduce interphysician and intraphysician
variability [32]. Second, because the training and experience of
the anesthesiologists participating in studies with different
intubating devices is a critical factor, this is another potential
confounding factor. However, all the staff anesthesiologists
participating in this study were required to have extensive
clinical experience with both intubating devices. A third
deficiency in the study design relates to our failure to monitor
cervical spinemotionwith fluoroscopy during the various stages
of the intubation process. In addition, this elective surgery
population with clinically significant cervical spine disease may
not accurately reflect the difficulties associated with intubating
an acute spine injury patient requiring manual cervical inline
stabilization. Finally, the BIS monitor was not used during the
induction period. Information on the BIS values at the time the
tracheal intubation was being performedmight have been useful
in assuring that the patients in the 2 study groups were at as
comparable depth of anesthesia.We relied on traditional clinical
signs to assess the depth of anesthesia and administered small
supplemental bolus doses of propofol (20-30 mg IV) if the
patient appeared to be inadequately anesthetized.Of importance,
similar doses of propofol were administered to both groups on
an mg/kg basis. Given the fact that the C-MAC group received
slightly less propofol than did the FFS group, it is hard to argue
that they were at a deeper plane of anesthesia at the time of
tracheal intubation.5. Conclusion
This randomized, prospective study demonstrated that the
C-MAC may offer an advantage over the FFS with respect tothe time required to obtain a clear glottic view and successful
placement of the tracheal tube when patients require manual
inline cervical spine immobilization.Acknowledgments
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